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ABSTRACTED- PUB-NO: JP20012174 69A 
BASIC-ABSTRACT: 

NOVELTY - The thermoelectric element which has 
several pn- junctions along the 

articulation direction, has an insulating material 

such as silicon group and 

ceramic powder integrated and provided between a 

n-type semiconductor material 

(2) and a p-type semiconductor material (1) . 

DETAILED DESCRIPTION - An INDEPENDENT CLAIM is also 
included for thermoelectric 
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element manufacturing method. 
USE - Thermoelectric element. 

ADVANTAGE - Since loss of pn- junctions is reduced 
greatly, thermoelectric 

conversion efficiency is improved, thus weight 

reduction is achieved and 
manufacturing cost is reduced. 

DESCRIPTION OF DRAWING (S) - The figure shows an 

explanatory drawing explaining 

the manufacturing method of thermoelectric element, 
p-type semiconductor material 1 
n-type semiconductor material 2 
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ABSTRACT : 

PROBLEM TO BE SOLVED: To provide a 
thermoelectric conversion element that is 
in a configuration where the thermoelectric 
conversion efficiency of an 

Si-group material that is an inexpensive and light 

thermoelectric conversion 

material has been improved extremely and at the 

same time uses and Si group 

that is in a configuration for facilitating 

manufacturing, and its 

manufacturing method. 
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SOLUTION: When the thermoelectric conversion 
element is subjected to 

compression molding in p/n/p/n/p/ configuration for 
integration sintering by 

alternately arranging n-type and p-type material 

power and including an 

insulation material such as Si-system and ceramic 
power outside the scheduled 

part of pn junction, integration can be facilitated 
extremely, and at the same 

time loss due to electrode junction can be reduced 
to almost zero. At the same 

time, joining is made to a pn junction that is 
located at high-temperature and 

low- temperature sides for forming an element via a 
hetero metal when a 

temperature gradient is given to the thermoelectric 
conversion element, thus 

improving electromotive force and the amount of 
electricity. 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The thermoelectric element which intervenes an insulating material, is unified between a n-type- 
semiconductor ingredient and a p type semiconductor ingredient, and has an unit or two or more pn junction sections in 
the connection direction. 

[Claim 2] The thermoelectric element which intervenes an electrode material and an insulating material, is unified 
between a n-type-semiconductor ingredient and a p type semiconductor ingredient, and has an unit or two or more pn 
junction sections in the connection direction. 

[Claim 3] The thermoelectric element according to claim 1 or 2 whose unification is what is depended on powder- 
metallurgy processing, the sticking-by pressure method, the calcinating method, or welding. 
[Claim 4] The thermoelectric element according to claim 3 which is an ingredient which is different by the elevated- 
temperature [ at the time of the ability of an electrode material to give a temperature gradient ], and low temperature 
side. 

[Claim 5] The manufacture approach of the thermoelectric element which forms an unit or two or more pn junction 
sections for a n-type-semiconductor powder ingredient and a p type semiconductor powder ingredient the insulating 
material of tabular or powder, or in the thermoelectric element of one apparatus which has arranged through the 
electrode material of tabular or powder further, unified with powder-metallurgy processing, and was obtained. 
[Claim 6] The manufacture approach of the thermoelectric element which forms an unit or two or more pn junction 
sections for the n-type-semiconductor ingredient and p type semiconductor ingredient of bulk the insulating material of 
the shape of tabular or a paste, or in the thermoelectric element of one apparatus which has arranged through the 
electrode material of the shape of tabular or a paste further, unified by the sticking-by pressure method, and was 
obtained. 

[Claim 7] The manufacture approach of the thermoelectric element which forms an unit or two or more pn junction 
sections for the n-type-semiconductor ingredient and p type semiconductor ingredient of bulk a paste-like insulating 
material or in the thermoelectric element of one apparatus which has arranged through a paste-like electrode material 
further, unified by the calcinating method, and was obtained. 

[Claim 8] The manufacture approach of a thermoelectric element given in either of claim 5 to claims 7 which arrange 
an electrode material which is different, respectively in an elevated-temperature [ at the time of giving a temperature 
gradient as a component ], and low temperature side. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] the manufacture whose invention of this used the thermoelectrical conversion ingredient of Si 
radical etc. ~ an easy thermoelectric element is started, arrange n mold and a p type semiconductor in by turns, an 
electrode material and an insulating material are made to be placed between each, pn junction is carried out with 
unification shaping, and it is related with the thermoelectric element which the thermoelectrical conversion efficiency 
of the charge of Si base material is raised remarkably, and can take out electrical energy efficient, and its manufacture 
approach. 
[0002] 

[Description of the Prior Art] A thermoelectric element is a device v^th which the spotlight is captured from the point 
of energy including C02 reduction in recent years, and an environmental problem, and utilization is especially 
expected from a viewpoint of a deployment of heat energy. 

[0003] For example, a very wide range application, such as using the waste heat of concomitant use with the pocket 
power plant for obtaining the electrical and electric equipment simply, the flame sensor of a gas appliance, a solar 
battery, or a fuel cell and the internal combustion engine of an automobile, and carrying out improvement in fuel 
consumption in the system, the outdoors, and space which are changed into electrical energy using waste heat, such as 
an incinerator and a turbine of an electric power plant, is examined. 

[0004] However, the thermoelectric element known until now has come to be used widely from the reasons nil why the 
raw material and manufacturing cost which generally have the problem of the environmental pollution of a use element 
that conversion efficiency is low and that operating temperature limits are very narrow are high etc. 
[0005] The conversion efficiency of this heat energy to electric ENERUGIHE is the function of a performance index 
ZT, and becomes so high that ZT is high. This performance index ZT is ZT=S2sigma T/kappa. It is expressed like a 
formula. Here, S is the absolute temperature which conductivity and kappa expressed the Seebeck coefficient of 
thermoelectric material, and sigma, and expressed thermal conductivity and T with the average of (TL) the (TH) and 
low temperature side the elevated-temperature side of a thermoelement. 

[0006] The thermoelectric material of current and the highest performance index is IrSb3 (T. Calllet, A.Borshchrysky 
and J.-P.Fleurial:Proc.l2th IntConf on Thermoelectrics, P(Yokohama, Japan, 1993) 132.) which has the 
SUKUTTERUDAITO mold crystal structure, and the ZT value shows about 2,0. However, since the raw material cost 
of Ir is high, it has not resulted in utilization. 

[0007] Moreover, although Bi2Te3 which shows a high performance index at low temperature was used as components 
for cooling, such as a semi-conductor, as a Peltier device, since the melting point was as low as 530K, there was a 
problem that operating temperature limits were narrow. 

[0008] On the other hand, although [ point / of cost and an environment ] a Fe-Si system ingredient is promising, the 
performance index (ZT) was 0.2 or less, and this system was that with which tiie property demanded as a 
thermoelectrical conversion ingredient is not filled until. 

[0009] The Si-germanium system ingredient reported that thermal conductivity could fall greatiy, when B.Abeles 
(Phys.Rev.131 and 1906 (1963)) investigated the presentation dependency of the thermal conductivity of a Si- 
germanium alloy and alloyed Si and germanium. By their report, if the content of germanium did not do 20-30 atom % 
content of, it was reported that the fall of heat conduction was not seen. 

[0010] however, that the raw material cost of germanium is high and the condition of the liquidus line and the solidus 
line of all ****** that Si and germanium are broad ~ having - the dissolution and Zone Leveling ~ in law, producing 
a presentation to homogeneity calls it difficulty - it was problematic. Moreover, although the approach by the hotpress 
was also tried in order to make a presentation into homogeneity, it was lacking in mass-production nature. 
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[001 1] Furthermore, the approach of producing the preforming object of disc-like n mold and p mold, carrying out the 
laminating of the four-sheet preforming object, sintering it in the order of n, p, n, and p, using Si-germanium alloy 
powder, processing this into a rectangular parallelepiped after that, performing cutting which forms the separation 
section between n and p further to JP,1 1-54808, A, and producing a thermoelectric element with a configuration which 
is fold up is propose. However, it not only requires time and effort, but a production process is complicated and the 
property of the ingredient itself is inferior to processing in it. 
[0012] 

[Problem(s) to be Solved by the Invention] Artificers did the knowledge of the ability to become the thermoelectrical 
conversion ingredient which has a high performance index by addition of the little element 0.001 to 20 atom % to Si, as 
a result of Si currently widely used as a semiconductor device evaluating the thermoelectrical property of the ingredient 
of Si radical especially paying attention to having a very high Seebeck coefficient (WO 99/22410). 
[0013] An environmental load is also small. Si is in abundance and a resource also has the description of being light, 
the top where raw material cost is also comparatively cheap. Furthermore, artificers found out improving as power 
which can enlarge a Seebeck coefficient and can take it out by selecting the electrode of a joint. 
[0014] However, in case a thermoelectrical conversion ingredient is used as a component, when the junction about the 
joint and electrode of an ingredient of p mold and n mold is not good, a loss arises to the power which can be taken out. 
This may happen, even when the electrode quality of the material is selected. Furthermore, junction of the electrode of 
an elevated-temperature edge was alloyed depending on diffusion of thermoelectric material and the atom of the 
electrode quality of the material, or the case, and when the difference of the coefficient of thermal expansion between 
the electrode quality of the materials was large, there was a problem constituting peeling of an electrode or the cause of 
a crack. 

[0015] This invention aims at offer of the thermoelectric element using the thermoelectrical conversion ingredient of Si 
radical with which manufacture consists of an easy configuration, and its manufacture approach while it is the 
configuration which raised remarkably the thermoelectrical conversion efficiency of a thermoelectrical conversion 
ingredient and the especially cheap and lightweight charge of Si base material. 
[0016] 

[Means for Solving the Problem] Artificers as an approach of taking out power as a thermoelectric element, without 
spoiling thermoelectrical properties, such as Si radical thermoelectrical conversion ingredient It notes unifying and 
producing the ingredient of n mold and p mold. As the unification approach It tried by the approach carry out 
patterning of the resist of a powder ingredient, and it carries out a laminating on Si substrate besides the powder 
metallurgy means of sintering powder after compression molding between heat, such as a hotpress, discharge plasma 
sintering, and a hot isostatic press, or cold compression molding. 

[0017] While unification becomes very easy on the occasion of unification by making insulating materials, such as Si 
system and powder of the ceramics, intervene in addition to the pn junction schedule section, artificers That the loss of 
the pn junction section falls sharply and thermoelectrical conversion efficiency improves, and by producing the sintered 
compact which has arranged the ingredient by turns further and was united with p/n/p/n/p/ The knowledge of the ability 
of most losses by electrode junction to produce the component which becomes so small that it can ignore, and a joint 
separates with thermal stress or does not break was carried out. 

[0018] Moreover, artificers are joined to the pn junction section located in an elevated-temperature [ at the time of 
giving a temperature gradient to a thermoelectric element ], and low temperature side through a dissimilar metal. How 
to try to component-ize and insert metal powder in the interface of the powder of p/n as the junction approach at the 
time of powder sintering, It carried out by the approach of p/n minding a metal plate, and joined with said powder 
metallurgy means, and as a result of measuring the electrical potential difference and current of a component which 
were unified, by choosing the metal quality of the material the optimal, the knowledge of electromotive force and 
electric energy improving was carried out, and this invention was completed. 

[0019] Furthermore, it is possible the method of calcinating the bulk and the electrode material of the sintering material 
of not only the junction by powder metallurgy but the charge of Si base material and ingot material using the sticking- 
by pressure methods, such as resistance heating, energization sintering, and pressurization between heat, and a paste 
ingredient and to join with welding process etc. further, and the knowledge of there being no loss of electrode junction 
and electromotive force and its electric energy improving was carried out by choosing the optimal electrode quality of 
the material. 

[0020] This invention is a thermoelectric element characterized by having the unit or two or more pn junction sections 
which made the insulating material intervene, or the electrode material and the insulating material were made to 
intervene, and were unified between the n-type-semiconductor ingredient and the p type semiconductor ingredient. 
[0021] This invention a n-type-semiconductor powder ingredient and a p type semiconductor powder ingredient 
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moreover, [ the insulating material of tabular or powder, or ] [ whether it unifies with powder-metallurgy processing by 
arranging through an electrode material further, and ] Or a solid n-type-semiconductor ingredient and a solid p type 
semiconductor ingredient are arranged through an electrode material to the insulating material or pan of the shape of 
tabular, powder, or a paste. It is the manufacture approach of the thermoelectric element characterized by unifying by 
the sticldng-by pressure method or the calcinating method between the colds or between heat, and forming an unit or 
two or more pn junction sections in the thermoelectric element of obtained one apparatus. 

[0022] Furthermore, this invention is the thermoelectric element characterized by arranging an electrode material which 
is different, respectively in an elevated-temperature [ at the time of giving a temperature gradient as a component ], and 
low temperature side, and its manufacture approach. 
[0023] 

[Embodiment of the Invention] The manufacture approach of the thermoelectric element by this invention is explained 
in full detail based on a drawing. Drawing 1 A is the case where direct pn junction is carried out with powder- 
metallurgy processing, and the ingredient powder which can be sintered, respectively as the p type semiconductor 
ingredient powder 1, the n-type-semiconductor ingredient powder 2, and insulating material powder 3 is used for it. 
[0024] For example, into box-like metal mold, the diaphragm of a tuning fork mold is used so that an aperture side may 
interchange by turns, the p type semiconductor ingredient powder 1, the n-type-semiconductor ingredient powder 2, 
and the insulating material powder 3 are inserted by turns, a diaphragm is removed, a lid is formed in a top face, and it 
compresses in the direction of an arrow head to a metal mold core, and makes with a Plastic solid. 
[0025] A Plastic solid consists of a configuration which the p type semiconductor ingredient powder 1 and the n-type- 
semiconductor ingredient powder 2 were separated with the insulating material powder 3 except for the pn junction 
schedule section 4, and was arranged by turns. Here, by sintering this Plastic solid, between each semiconductor 
material, an insulating material is unified and the thermoelectric element of one apparatus which has two or more pn 
junction sections directly joined by sintering in the connection direction of each semiconductor material is obtained, 
[0026] Moreover, in drawing 1 A, even if it changes into an insulating material plate, an insulating material sheet, etc. 
which fabricated insulating material powder 3 part beforehand, of course, as for the ability of the direct pn junction 
section by sintering to manufacture the thermoelectric element of two or more connection molds, the direct pn junction 
section can manufacture the thermoelectric element of one 1 pair mold similariy. 

[0027] The example of manufacture shown in drawing 1 B inserts the p type semiconductor ingredient powder 1, the n- 
type-semiconductor ingredient powder 2, and the insulating material powder 3 by turns, as a triangular diaphragm is 
used into box-like metal mold so that an aperture side may interchange by turns, and insulating material powder does 
not go into the necessary point of a triangular diaphragm, it removes a diaphragm, compresses it in the direction of an 
arrow head to a metal mold core, and is made with a Plastic solid. 

[0028] A Plastic solid serves as a configuration which the p type semiconductor ingredient powder 1 and the n-type- 
semiconductor ingredient powder 2 were separated with the insulating material powder 3 except for the pn junction 
schedule section 4, and was arranged by turns. By sintering this Plastic solid, between each semiconductor material, an 
insulating material is unified and the thermoelectric element of one apparatus which has two or more pn junction 
sections directly joined by sintering in the connection direction of each semiconductor material is obtained. 
[0029] In box-like metal mold, like illustration, the example of manufacture shown in drawing 2 A loads with the 
insulating material powder 3 and the electrode material powder 5 and 6 between the p type semiconductor ingredient 
powder 1 and the n-type-semiconductor ingredient powder 2, and as it loads so that the insertion point of the insulating 
material powder 3 and the electrode material powder 5 and 6 may put in by turns and may change, and it compresses in 
the direction of an arrow head to a metal mold core and it is shown at drawing 2 B, it makes them with a Plastic solid. 
[0030] Moreover, the elevated-temperature side which made the lower part of the thermoelectric element completed by 
a diagram approach a heat source, when the temperature gradient which made the upper part the low temperature side is 
given, the metal of the quality of the material which is different by elevated-temperature side 6 and low temperature 
side 5, respectively, and alloy powder are used for electrode material powder. 

[003 1] By sintering this Plastic solid, between each semiconductor material, an insulating material is unified and the 
thermoelectric element of one apparatus which has two or more pn junction sections joined through the electrode 
material by sintering in the connection direction of each semiconductor material is obtained. 
[0032] Moreover, the rectangle configuration shown in drawing 2 A is loaded with the insulating material powder 3 
and the electrode material powder 5 and 6, and also as shown in drawing 2 C, between the p type semiconductor 
ingredient powder 1 and the n-type-semiconductor ingredient powder 2, loading in the shape of a triangle is also 
possible, and the gestalt of arbitration can be adopted according to an amount, an insulating dimension, etc. of an 
insulating material. 

[0033] Although the example of manufacture shown in drawing 3 A is the same as that of the above-mentioned 
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drawing 1 B The sheet metal-like electrode materials 7 and 8 are arranged in the pn junction schedule section of the 
triangular top-most-vertices section which does not arrange the insulating material powder of drawing 1 B, and others 
are the things loaded with the insulating material powder 3. By sintering, after making with a compression-molding 
object, between each semiconductor material, an insulating material is unified and the thermoelectric element of one 
apparatus which has two or more pn junction sections joined by sintering through electrode materials 7 and 8 in the 
connection direction of each semiconductor material is obtained. When the temperature gradient which made the upper 
part the low temperature side the elevated-temperature side which made the lower part of the thermoelectric element 
completed by a diagram approach a heat source is given to electrode materials 7 and 8, the metal of the quality of the 
material which is different by elevated-temperature side 8 and low temperature side 7, respectively, and the alloy are 
used for the electrode material also here. 

[0034] The example of manufacture shown in drawing 3 B between the p type semiconductor ingredients 10, such as 
sintering material which pressed the ingot material or the letter of a block solidified in the shape of a block, and was 
sintered from the dissolution alloy, and the n-type-semiconductor ingredient 1 1 By arranging the insulating material 12 
and electrode materials 13 and 14 which were processed into the plate, making these contact, and unifying with the 
sticking-by-pressure means between heat or between the colds Between each semiconductor material, an insulating 
material is unified and the thermoelectric element of one apparatus by which two or more pn junction sections joined 
through the electrode material in the connection direction have been arranged is obtained. 

[0035] The example of manufacture shown in drawing 3 C applies the paste-like insulating material 15 and the paste- 
like electrode materials 16 and 17 to one side of the p type semiconductor ingredients 10, such as the aforementioned 
ingot material or sintering material, and the n-type-semiconductor ingredient 1 L By making these contact and unifying 
by baking, between each semiconductor material, an insulating material is unified and the thermoelectric element of 
one apparatus by which two or more pn junction sections joined through the electrode material in the connection 
direction have been arranged is obtained. 

[0036] When the temperature gradient which made the upper part the low temperature side the elevated-temperature 
side which made the lower part of the thermoelectric element completed by a diagram approach a heat source is given 
to electrode materials 16 and 17, the metal of the quality of the material which is different by elevated-temperature side 
17 and low temperature side 16, respectively, and the alloy are used for the electrode material also here. Moreover, it is 
also possible to change into the insulating material 15 of the shape of an above paste and electrode materials 16 and 17, 
and to unify with means, such as energization sintering, using the insulating material powder for sintering and electrode 
material powder. 

[0037] As shown in drawing 1 besides the even number mold which begins from p mold and finishes with n mold as an 
approach of arranging the semiconductor material to unify, odd number molds, such as p, n, p, and n, p, n, p, n, may be 
used, and it is necessary to consider as the configuration which has the one or more pn junction sections in an 
articulated section anyway. 

[0038] Powder-metallurgy processing, the sticking-by pressure method, the calcinating method, welding process, etc. 
are employable as the unification shaping approach, powder-metallurgy processing - for example, the n-type- 
semiconductor powder ingredient of Si -germanium and a p type semiconductor powder ingredient list - the plate or 
powder of a metallic material - for example, the thermoelectric element of drawing 1 and abbreviation ~ it can put into 
the metal mold of an analog etc. at individual or coincidence, and can unify with the powder metallurgy means of 
sintering powder after compression molding between heat, such as a hotpress, discharge plasma sintering, and a hot 
isostatic press, or cold compression molding. 

[0039] Moreover, it is still more possible the method of calcinating the charge of Si base material, the sintering material 
of a Si-germanium alloy, ingot material, and an electrode material using the sticking-by pressure methods, such as 
resistance heating, energization sintering, and pressurization between heat, and a paste ingredient and to carry out pn 
junction with welding process etc. The above-mentioned unification shaping approach is good to choose the optimal 
approach according to the class and gestalt of a semiconductor material, a material for electrode, and an insulating 
material. 

[0040] Furthermore, how patterning of the resist of a powder ingredient is carried out, and it carries out a laminating on 
Si substrate besides above-mentioned powder-metallurgy processing and an Sil-xGex (x< 0.20) substrate is 
employable. There are specifically PVD which electron beam heating of Si and the germanium is carried out [ PVD ], 
and evaporates them, a CVD method to which the laminating of Si and the germanium is carried out from SiH4 and ' 
GeH4, and junction of a metal layer is also possible in a pn junction list through a mask. Behind a laminating, by heat- 
treating at 400-800 degrees C, a cascade screen crystallizes and a property improves. 

[0041] As an insulating material, any well-known ingredient which can be insulated electric is employable. 102 or 
more ohm-m of resistivity is desirable. A semiconductor material, sintering, sticking by pressure, and adhesion are 
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possible, and the ingredient which the coefficient of thermal expansion approximates is desirable. Moreover, since the 
temperature gradient of a thermoelectrical conversion ingredient will become small if heat conducts from an insulating 
material, an ingredient with small thermal conductivity is desirable. For example, when semiconductor materials are a 
charge of Si base material, and a Si-germanium alloy. Si, non doping Si-germanium, Si02, Si3N4, BN and SiC, 
aluminum203, TiN, various ferrites, etc. can be used. 

[0042] The metal and alloy which can use any quality of the materials, such as a metal and resin, are comparatively 
excellent in corrosion resistance as an electrode material, and are moreover easy to attach in a thermoelectrical 
conversion ingredient are desirable. It is desirable to use a high-melting metal and an alloy in the thermoelectric 
material in which a high property is shown especially at an elevated temperature. For example, as an ingredient by the 
side of the elevated temperature of a thermoelectrical conversion ingredient, Bi, Sn, Ag, Cu, Ft, aluminum, Au, Fe, Mo, 
Zn, and Pb are desirable as an ingredient by the side of Zr, Au, Ag, Pt, Cu, Ti, Mo, Zn, W, C, and low temperature. 
Moreover, the alloy of these metals or the alloy containing these metals can also be used. 

[0043] The class of metallic material used for an elevated-temperature [ of a thermoelectrical conversion ingredient ] 
and low temperature side and combination change with thermoelectrical conversion ingredient kinds, respectively. In 
aluminum and Sil-xGex (x< 0.20), it is [ an elevated-temperature side / a Pt and low temperature side / an elevated- 
temperature side ] for example, desirable [ aluminum etc. ], when it is Cu and Bi2Te3 compound in a Pt and low 
temperature side at an elevated-temperature side in the case of FeSi2 compound to a Pt and low temperature side. 
[0044] In this invention, any well-known quality of the material is employable as a thermoelectrical conversion 
ingredient. A Bi2Te3 system [ besides the charge of Si base material and the thermoelectrical conversion ingredient 
which consists of a presentation of Sil-xGex (x< 0.20) ] ingredient is especially desirable. 

[0045] The presentation of the charge of Si base material is Sil-xAx (x< 0.20). To A 4 group element (germanium, C, 
Sn), It is what adds at least one sort of a 3-5 group compound semiconductor and a 2-6 group compound 
semiconductor, and controls carrier concentration by the dopant element mentioned later to 1017-1021 (M/m3). Most 
of the inside of each crystal grain is Si in Polycrystal Si fundamentally, and, in said alloying element and dopant 
element, and Si-germanium, it is characterized by the structure which germanium and a dopant element segregated at 
coincidence at the grain boundary section. 

[0046] A Seebeck coefficient is very large by adjusting compound addition and its addition, thermoelectrical 
conversion efficiency can be raised remarkably, and the charge of Si base material is that various alloying elements, 
such as P, B, and aluminum, are independent or a cheap thermoelectrical conversion ingredient by which productivity 
is good and quality was stabilized so that the carrier concentration in Si semi-conductor may be set to 1017-1021 
(M/m3). 

[0047] It becomes the cause of a Seebeck coefficient high [ of Si ] falling since germanium is spread also in Si rich 
phase in a grain at coincidence and it dissolves, although, especially as for a high performance index, germanium is not 
obtained in the charge of Si base material of this invention in Si-germanium since thermal conductivity is large at under 
0.05 atom %, and thermal conductivity falls a little above 20 atom %, and reducing a performance index. Therefore, let 
the desirable content of germanium be the range of 0.05 or more and under 20 atom %. It is three to 10 atom % 
especially preferably. 

[0048] In this invention, the dopant element for making Si with a P-type semiconductor or an N-type semiconductor is 
added in order to obtain a high Seebeck coefficient, at the same time it reduces the heat conductivity and electric 
resistance by the carrier concentration of necessary within the limits. If the application of a thermoelectrical conversion 
ingredient is taken into consideration, since it will change according to applications, such as size of a heat source, a use 
part and a gestalt, the current to treat, and an electrical potential difference, by whether emphasis is put on which 
property of a Seebeck coefficient, conductivity, and thermal conductivity, a selection element and its addition can be 
chosen according to an application etc. As an addition, 0.001 atoms % - 20 atom % is desirable. 
[0049] As a dopant element for making with a p type semiconductor, one sort chosen from each group of p group group 
(Be, Mg, calcium, Sr, Ba, Zn, Cd, Hg, B, aluminum, Ga, In, Tl) and transition-metals element Ml group (M1;Y, Mo, 
Zr) or two sorts or more are desirable. Especially desirable elements are B, Ga, and aluminum especially. 
[0050] The dopant element for making with a n-type semiconductor n group group (N, P, As, Sb, Bi, O, S, Se, Te) 
transition-metals element M2 group (it Os(es), Ir(s), Pt(s) and Au(s) M2;Ti, and V, Cr, Mn, Fe, Co, nickel', cJ, Nb', Ru, 
Rh, Pd, Ag, Hf, Ta, W and Re ~) However, one sort chosen from each group of the rare-earth-elements group RE 
(RE;La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Yb, Lu) or two sorts or more of Fe are desirable below 10 atom 
%. Especially desirable elements are P, Cu, and As especially. 
[0051] 

[Example] As example 1 raw material, Si0.95germanium0.05 (B0.3at%) was blended with p mold, 
Si0.95germanium0.05 (P0.4at%) was blended with n mold, and the jet mill ground the ingot of the thermoelectrical 
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■ conversion ingredient of p mold which dissolved with the RF vacuum melting fomace, and n mold in mean particle 
diameter of about 4 micrometers in a vibration mill and nitrogen gas. 

[0052] The pn junction section which loaded with so that it might become the configuration of the p type 
semiconductor ingredient powder 1 and the n-type-semiconductor ingredient powder 2 having been separated by the 
carbon mold with the insulating material powder 3 except for the pn junction schedule section 4, and having arranged 
each obtained powder by turns in it like drawing 1 A, and was unified with the hotpress on concUtion that 1500- 
1600Kxlh and pressure 25-lOOMPa produced the thermoelectric element which has ten places. 
[0053] The dimension of the whole component was 5mmx75mmxl5mm. The amount of output power of the 
component which joined lead wire to the electrode to both ends most, heated one side to the elevated temperature of 
873K, gave the temperature gradient of 373K for another side, measured each generating electromotive force, a 
generating electromotive style, and resistance by the multimeter, and was obtained was calculated. The result'is shown 
m Table 1. In addition, the rate of a power ratio measured the output power of the following examples 1 (with no 
insulating material) of a comparison as 1 . 

[0054] The measured value (example 2 of a comparison) at the time of joining as an example of a comparison through 
the measured value (example 1 of a comparison) and Pt paste when not inserting an insulating material is similarly 
shown in Table 1 . 

[0055] As example 2 raw material, SiO.95germanium0.05 (B0.3at%) was blended with p mold, Si0.95germanium0 05 
(P0.4at%) was blended with n mold, and the stamp mill and the ball mill ground the ingot of the thermoelectrical 
conversion ingredient of p mold which dissolved by the arc dissolution, and n mold in mean particle diameter of about 
2 micrometers. The ball mill was performed in the xylene solvent. 

[0056] It loaded with each obtained powder so that it might load with the insulating material powder 3 and the 
electrode material powder 5 and 6 with a particle size of 10 micrometers between the p type semiconductor ingredient 
powder 1 and the n-type-semiconductor ingredient powder 2, the insertion point of the insulating material powder 3 
and the electrode material powder 5 and 6 might put in by turns and it might change like drawing 2 A and it carried out 
discharge plasma sintenng on condition that 1 100 - 1573Kx600sec and pressure 50MPa, and the thermoelectric 
element with the ten pn junction sections was produced. 

[0057] The dimension of the whole component was 5mmx75mmxl5mm. Lead wire was joined to the electrode to the 
No, 1 both ends of the component, one side was heated to the elevated temperature of 873K, the temperature gradient 
of 373K was given for another side, each generating electromotive force, a generating electromotive style and 
resistance were measured by the multimeter, and the obtained amount of output power was calculated. The result is 
shown in Table 2. In addition, the rate of a power ratio measured the output power of the following examples 4 (with 
no insulating material) of a comparison as 1 . 

[0058] In addition, although an insulating material is inserted into the measured value (example 5 of a comparison) at 
the time of joining as an example of a comparison through the measured value (example 4 of a comparison) and Pt 
paste when not inserting an insulating material, and the pn junction section, the measured value (example 3 of a 
comparison) of the component which does not mind a metal plate is similariy shown in Table 2 
[0059] As example 3 raw material, Si0.95germanium0.05 (B0.3at%) was blended with p mold, SiO 95germanium0 05 
(P0.4at/o) was blended with n mold, and the jet mill ground the ingot of the thermoelectrical conversion ingredient of p 
mold which dissolved with the RF vacuum melting furnace, and n mold in mean particle diameter of about 4 
micrometers in a vibration mill and nitrogen gas. Each obtained powder was inserted in the 5mmx5mmxl5mm carbon 
mold, and the hotpress was carried out by 1573Kxlh and pressure 50MPa. 

[0060] As it was obtained and was shown in ******** at drawing 3 C, the paste-like insulating material 15 and the 
low-temperature lateral electrode paste 16 were applied to the ingredient of p mold, and the paste-like insulating 
matenal 15 and the elevated-temperature lateral electrode paste 17 were applied to the ingredient of n mold and it 
calcinated in 1 173Kx30min and a vacuum after that, and the thermoelectric element with the ten pn junction sections 
was produced. 

[0061] The amount of output power of a thermoelectric element which joined lead wire to the electrode to both ends 
most, heated one side to the elevated temperature of 873K, gave the temperature gradient of 373K for another side 
measured each generating electromotive force, a generating electromotive style, and resistance by the multimeter and 
was obtained was calculated. The result is shown in Table 3. In addition, the rate of a power ratio measured the output 
power of the following examples 7 (with no insulating paste) of a comparison as 1. 

[0062] In addition, although an insulating paste is inserted into the measured value (example 7 of a comparison) and 
die pn junction section when not inserting an insulating paste as an example of a comparison, the measured value 
(example 6 of a companson) of the component which does not mind electrode paste is similarly described in Table 3 
[0063] 
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■ Table ij 
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[0064] 
[Table 2] 
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[0065] 
[Table 3] 
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[0066] 

[Effect of the Invention] While unification becomes very easy by the thermoelectric element by this invention making 
insulating materials, such as Si system and powder of the ceramics, intervene in addition to the pn junction schedule 
section, and unifying it with powder-metallurgy processing etc., the loss of the pn junction section falls sharply, its 
thermoelectrical conversion efficiency improves, and especially, it can raise remarkably the thermoelectrical 
conversion efficiency of the cheap and lightweight charge of Si base material, and can be made with the configuration 
of a joint separating with thermal stress or not being divided. 

[0067] Moreover, according to this invention, electromotive force and electric energy improve by joining and 
component-izing through a dissimilar metal in the pn junction section located in an elevated-temperature [ at the time 
of giving a temperature gradient to a thermoelectric element ], and low temperature side. 



[Translation done.] 



